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RAILWAY- BLOCK SIGNALLING. 
By W. LANGDON, M.8.T E. 


I.—Or the many important duties which electricity 
is called upon to perform, none are more so than that 
by which it is required to regulate railway traffic. 

or years the exigencies of railway service were 
such as to adinit of the absence of such protection. 
With but few trains and stated crossing places, 
accidents were few and far between. The enormous 
and rapid growth of the several railway systems; 
the increased public demand for rapid and ready 
intercourse between all large centres of commerce ; 
and the multiplicity of junctions has, however, 
reduced this system to one of both danger and 
difficulty. Day by day our railways are becoming 
more and more crowded, whilst the interminglin 
of heavy goods and mineral trains, with the rapi 
passenger and swift express, add to the difficulties 
which have to be encounterej and overcome by the 
traffic manager, 

Colonel Yolland has stated that ‘‘ the danger of 
‘* punning trains at intervals can only be obviated 
‘* by the block system of telegraph,” and in one of 
his reports to the Board of rade has confirmed 
this by the following decided expressions :— 


‘* An interval of time, as a means of avoiding 


‘*a mile, so long as it is strictly preserved, 
* * In this particular.instance, an 
‘* interval of time of no less than twenty minutes 
** proved to be of no avail.” 
he Report of the Committee of the House” 

of Lords on the Regulation of Railways Bill in 
1872, gives the following as the result of their in- 
vestigations. 

‘5, There is a general concurrence of opinion 
‘among the witnesses in favour of the block 
‘system on all important railways carrying 
passengers, 

‘* 6, Experience has proved that this system is 
‘* compatible with the highest rates of speed. 

‘© 7, On some ‘railways where the block system 
‘* exists on their entire lines, the speed is stated, 
**in the case of certain trains, to be between 50 
** and 60 miles an hour. 

‘©8, There are many single lines where the 
‘** block system has been found indispensable for 
** the safety of the traffic.” 

The power which electricity possesses, as an 
auxiliary, for facilitating and protecting the work- 
ing of railway traffic is daily becoming more 
apparent to railway men. The numerous accidents 
which have occurred, and which could, and probably 
would, have been avoided had the block system 
been in operation; the constant recommendations, 
and of late the positive refusal of the Board of 
Trade to sanction the opening of lines without such 
protection; the general freedom from casualties on 
those lines on which it is worked out in its entirety ; 
the frequency of accidents on those lines unprovided 


Fie. 
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“collisions between trains, is, in my judgment, | with it; and the wonderful assistance it affords in 


‘* worse than useless; it is deceptive and thoroughly 
‘* uncertain, as an interval of half an hour at one 
‘* station may have entirely disappeared before the 
‘* first train arrives at its next appointed stopping 
‘* place, whereas an interval of space, no matter 
‘* how short, between following trains, if preserved, 
‘* will always prevent a collision taking place. 

‘**T am not arguing in favour of some imprac- 
‘* tical mode of working traffic, and laying myself 


** open to the remarks— that it is all very well in 
‘* theory, but will not answer in practice; but I | 
** advocate, as the best means of preventing these | 
‘* fearful collisions, the adoption of the electric | 
- telegraph, and the working of the traffic on the | 
“¢* block’ system, of not,ailowing two following | 
** trains to be between two adjacent stations at the | 
‘* same time.” 

And Captain Tyler, in his rt on an accident | 
which occurred on the South Wales Section ot the | 
Great Western Railway on the 5th of November, | 
1862, says :— | 

** A mere interval of time, whether it be ten 
** minutes or twenty miputes, or any other given | 
*‘ quantity, affords no true margin of wy i 
© An interval of is the only | 
“true remedy for such a state 


dense foggy weather and on crowded lines, are all 
reasons for its employment which none can ignore, 
and which must ultimately lead to its universal 
adoption. 

For some time all railways were, and many still 
continue to be, worked upon what is known as the 
‘*time ” system—that is, trains are not allowed to 
leave or pass certain points, or certain stations 
within a certain interval of time. Numerous anu 
serious have been the accidents arising from this 
cause. A heavy goods or passenger train is started 
from a station, and an ample interval allowed before 
another train succeeds it. It may be this train is 
a fast or an ordinary train. If the former, so much 
the worse. The goods breaks down at a point, or 
is laboriously seeking its way up an incline hidden 
from the view of the coming train, which only 
becomes aware of its proximity too late to avoid a 
collision! Such has too frequently been the issue 
of a system which at its best can only insure the 
due observance of its principle at stations and 


— in many cases few and far between, 


eaving miles of intervening line to chance and 
good fortune. 
In the “* block” system we have a method of 


of things, and it | regulating and protecting railway traffic, at once 


‘* matters not what the distance between the trains | as simple and secure as is the ‘‘time”’ system com- 
‘* may be, whether four miles or two miles, or half plex and dangerous. A line worked upon this 
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principle is cut or divided into blocks or sections, 
the extent of each of which is regulated by the 
traffic to be worked over it. Where this is great, 
as is the case near the Metropolis and large towns, 
or busy junctions, the sections are shorter than 
where tho traffic, is less frequent. At all these 
points, signals for the guidance of the engine driver 
are erected. No two frains are allowed in any oue 
of these sections, upon the same line of metals at 
the same time. Thus, let A B C D represent a por- 
tion of a line so arranged. 

‘The train in the section A B must not enter the 
section B C until the train or engiue in that section 
(B QO) has passed out of it, and is clear of the signal 
©. By this means trains are kept apart by a given, 
certain, and invariable space; whilst by regulating 


these spaces or sections to the amount of traffic or. 


number of trains required to pass over them, such 
traffic may be dealt with with perfect safety and 
confidence. 

It has been stated that the lengths of the sec- 
tions thus formed are regulated by the amount of 
the traffic to be dealt with. It will bo evident that 
whereas these sections will, in some instances, 
extend to four or five miles in length, and some- 
times even more, there will he occasions where 
their extent will be reduced even to half a mile. 
The outdoor signals erected at the point of division 
between the sections are the engine-driver’s guide. 
Such signals may be worked mechanically a 
distance of a thousand yards, but under no cir- 
cumstances can they be so worked a distance of 
four five or six miles. Here then electricity comes 
to our aid. By its means signals to indicate 
** Live clear,” ‘* Line blocked,” or any other indi- 
cation required, can be conveyed aay distance in 
an inappreciable space of time. By such signals the 
signalroan is guided in the working of his outdoor 
signals, A train enters section A B (Fig. 1) in the 
direction of B. Itsdeparture from A is signalled to 
B, B records on the signal instrument at A, line 
blocked, and retains the signal in such position 
until the train arrives at, and is clear of On 
the departure of the train from A, A places his 
outdoor signals for trains proceeding in the direc- 
tion of that just entered, the section A B, at danger, 
forbidding any other train whatever to follow, and 
he retains his signals in this — so long as B 
indicates to him by the signal instrument that the 
line is blocked. On the arrival of the train at, 
and its departure from B, B removes the block 
signal, replacing it by an all clear signal, and the 
signalman at A then replaces his outdoor danger 
signal by an all clear or caution signal, according 
how the line or station is worked. It will thus be 
seen that with such a power at our command, it 
only remains to apply it iu its simplest and safest 
form, and to reduce its application to a system 
such as shall meet the exigencies of the traffic, 
whilst securing the maximum of safety. 

(To be continued.) 


ON THE TELEGRAPHIC PROBLEMS OF 
DOUBLE SENDING AND QUADRU- 
PLEX TELEGRAPHY. 


By G. K. WINTER, 
Telegraph Engineer to the Madras Railway. 
(Continued from page 208.) 


To begin with, then, I attacked the problem by th> 


second method, that is to say, I said, let there be 
four variations of current; how can I cause these 
four variations to produce, on two Morse instru- 
ments, the four necessary combinations? The 
apparatus to be so arranged that no kick shall be 
produced on either of the Morses, at any of the 
moments of change from one variation to another ; 
and also that the adjustment of the arrangement 
shall not depend in any way on differences in the 
sensitiveness of relays, 

This is the problem I set myself, for I took it for 
granted that when once this had been solved the 
arrangement of the keys to produce the required 
Variations would be easily accomplished. 


Fig.3. 
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In Fig. 3 let L be the liae, with a resistance, say 
of 1,000 units, and let 7 be an artificial resistance. 
Let b bea local battery, and A a battery at the 
distant station, of equal strengths, and sending 
their currents in the direction indicated by the 
arrows, ee e are earth plates. R'is a relay 
wound diffarentially, and R is another relay, not 
wound differentially, but connected between the 
— point of R' and earth, as shown in the 

Te. 

7 is evident that the two currents will neutralize 
each other’s effect on the relay R', but that they 
will both flow through R in the same direction. 
R' will evidently not work, but R will. 


Again, let Fig. 4 represent the same arran 
ment, except that the direction of the battery B is 
reversed, as shown by the arrows. Then the 
currents will flow in the same direction through 
the two coils of the differential relay R', which will 
consequently work, whereas no current will flow 
through R, as the potential of the circuit at the 
centre of the differential relay will be zero, the 
batteries being equal in power and the resistance 
equal on each side of this point. Thus in this case 
the relay R' will work, but not the relay R. 

Next, let us have no battery applied at the send- 
—a but the line joined to earth as shown 
in Fig. 5. 

It iA now evident that both relays will work, for 
a large portion of the current from bd will flow 
through R to earth. Thus, with three variations 
of current coming from the sending station, we 
can produce three of our four combinations. It 
remains to be seen how we can produce the fourth. 
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Let us suppose the differential relay R' to have 
two tongues, and let the connections be made as 
shown in Fig. 6. Further, let this relay be 
polarised, and let both its tongues be worked by a 
— in the direction shown by the arrows in 

ig. 5. 


?*1000 


ce] 


We must also suppose that when in a state of 
rest, that is, when no current is passing through 
the relays, the tongues will be in the positions 
shown in Fig. 6, 


Things being thus arranged, let a current from 
8S be sent, as shown in Fig 7. 


Ist. If we have two units of copper current from 
S, the sending station, that is in the direction shown 
by the double arrow ia Fig. 7, both tongues of the 
relay R' will be open, so that, notwithstanding that 
the tongue of relay R is closed, the circuits of both 
morses will be broken, and those instruments con- 
sequently at rest. 

2nd, If we have wy d one unit of current flowing 
in this direction from the sending station, the cur- 
rents flowing through R' will balance each other, 
and consequently the tongue ¢ will go to its posi- 
tion of rest, that is to say against its contact stud, 


.| and as the currents flowing through R still cause 


its tonguo to remain against its contact stud, we 
shall have the local circuit of morse A completed. 
and therefore that instrument will work. Tho 
tongue ¢' of relay R' will on the contrary remain in 
its position of rest, that is, against its insulated 

int, and consequently the circuit of morse B will 

opened, and therefore that instrument will be at 
rest. 


8rd. If we have ono unit of zine current, that is, 
as shown in Fig. 4, we shall have both tongues of 


' relay R! closed, but the tongue of relay R will be 


opened, as that relay will have no current passing 
through it, and its tongue will therefore go to its 
position of rest against its insulated point. We 
shall therefore have the circuit of morse B closed, 
but that of morse A open. 

4th. Ifnocurrent arrives from §, all the tongues 
will be closed by the action of the current in the 
ew 4 circuit, and consequently both morses will 
work, 

At the sending station, then, we want such an 
arrangement of two keys as shall produce the fol- 
lowing variations of currents, by their four combi- 
nations. 


Fig. 7. 


We shall then have a current running through 
one coil of R', not only in a direction opposed to 
that from b, but also of double the strength, and con- 
sequently, the resultant magnetic effect of the 
currents on this relay will be to give it a polarity 
which will be opposed to its working; thus, not | 
only is the tongue ¢' allowed to fall away from its | 
contact, but is held in that position while the | 
tongue ¢ is also forced away from its central point | 
against which it leans during all the other varia-— 
tions of the currents received from 8. 

Hitherto we have sup the resistances on 
each side of the differential relay to be equal, but _ 
it will be seen at once that we may reduce the re- | 
sistance 7, if we reduce the number of cells in the | 
battery 5 in the same proportion; we may thus | 
easily reduce this battery to one cell. 

To recapitulate then, we find that— | 


A 


Ist. A copper current of two units when both 
keys are at rest. 

2nd. A coppercurrent of one unit when key A is 
depressed. 

Srd._A zine current of one unit when key B is 


4th. No current when both keys are depressed. 
(To be continued.) 


ON TELEGRAPH CONSTRUCTION. 
By JOHN GAVEY, Assoc. Soc. T. E. 


IRON, 
Avery brief glance at the methodsof manufacturing 
this metal is perhaps advisable. Very little native 
iron is found on the earth’s surface, but in come 
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bination with various substances, and known under 
the general name of iron ores, it is widely dis- 
tributed. The ordinary method of obtaining the 
metal from these ores, consists in exposing the 
latter to a very high temperature, in contact with 
compounds calculated to enter into chemical com- 
bination with the earthy or gaseous substances 
united with the iron. Sometimes the ore is first 
calcined, or roasted in great heaps, to expel the 
more volatile compounds; sometimes it is filled 
direct into the furnace, which is a huge structure, 
varying from fifty to sixty feet in height, and of a 
corresponding width, This furnace, when once 
started, is kept in uninterrupted action until the 
necessity forrepairs, or the reduction for the demand 
for iron renders it necessary to blow it out, The 
charges of material, consisting of fuel, ore, lime- 
stone, &c., are fed in regularly at the top, the 
liquid iron and other compounds being withdrawn 
from convenient openings near the base. The 
necessary draught is obtained by powerful blowing 
engines, which force strong currents of air, gene- 
rally heated to a temperature of about 600 degrees, 
into the furnace. A very high temperature is 
attained within the furnace; the metallic iron melts 
and drops on the hearth, whence it is periodically 
drawn off and run into moulds, whilst the slag, 
resulting from the combination of the earthy por- 
tions of the iron ore with the fluxing material 
which has been added, floats on the surface of the 
iron, and is drawn off through a convenient open - 
ing, and carted away to the ‘‘ waste tip.” 

The pig or cast iron thus obtained, is an indefi- 
nite compound of iron, with quantities of carbon, 
varying from two to five per cent. The properties 
of cast iron are well known. It has a brittle crys- 
talline structure, pees great hardness, and 
offering considerable resistance to a crushing force, 
but with a comparatively small tensile strength, or 
power of resisting torsional or tranverse strains. 

Tron deprived of its carbon and some other impu- 
rities, is known as malleable or wrought iron, and 
the operation by which this change is produced is 
that of puddling. The cast iron is placed in a rever- 
beratory furnace, which is so arranged as to ca.se 
the heat and flame from the combustion of the fuel 
to impinge on the surface of the metal. The latter 
speedily melts, and when in this state it is kept 
stirred, so as to bring fresh surfaces of iron con- 
stantly under the influence of the flame and hot 
gases. The effect of this is to consume the carbon 
in the iron, which latter only loses its fluidity, 
and becomes viscous and pasty. In this state por- 
tions of the iron are worked up into rough spongy 
balls, and placed under powerful hammers, where 
they are wrought into rough plates. These plates 
are cut into smaller pieces, which being tied to- 
gether, are again heated, and either rolled or ham- 
mered, the operation being repeated in some cases 
several times. The quality of the iron is much 
improved by this, and it thereby acquires that 
fibrous appearance, which is a characteristic of 
good wrought iron. 

Wrought iron has very different qualities to cast 
iron. Its power of resisting crushing strains is 
diminished, but its tensile strength is enormously 
increased ; it has, when of good quality, none of 
the brittleness of cast iron, it is easily bent, it 
becomes malleable, is readily rolled into sheets or 
bars, is susceptible of being drawn into wire, and 


possesses the quality of welding at a white heat, 
although it 4 Ioat hho of fusing or melting at the 
comparatively low temperature which the combi- 
nation with carbon gave to it. 

Steel is a certain definite mixture of pure iron 
and carbon, the proportion of the latter being much 
less than in castiron, but varying very considerably 
according to the purposes to which the finished 
metal has to be appli . The higher class of steel 
is made from the best malleable iron, by exposing 
the latter to heat in contact with carbon, the pro- 
cess being known under the name of cementation ; 
but within the last few years, systems of manu- 
facturing steel direct from cast iron have been 
largely introduced. Une process, due to Mr. 
Bessemer, consists in consuming the carbon, by 
forcing a quantity of atmospheric air through the 
melted metal, then by the addition of a definite 
proportion of highly carburetted iron, the exact 
quantity of carbon needed for the formation of steel 
is restored to the liquid mass. 

Steel possesses many and various qualities, 
dependent to a great extent on the purposes for 
which it is manufactured. Its tensile strength and 
resistance to crushing forces are much greater than 
wrought or cast iron. It also is susceptible of re- 
ceiving any given degree of hardness, by the pro- 
cess known as tempering, from that which is suffi- 
cient to scratch glass to very little above soft iron. 

The strength of iron, whether cast or wrought, 
and of steel, varies between very wide limits, ac- 
cording to the purity of the metal, the method of 
manufacture, &c. 

Cast iron has been produced with an ultimate 
tensile strength of 14 to 15 tons to the square inch, 
but this is rare. Tho average may be taken at 
seven tons, though it is occasionally as low as four 
to five tons. The force necessary to crush short 
cylinders, varies from 35 to 59 tons per square inch, 
and the average may be taken at 45 tons. 

Wrought iron may be said to have, in extreme 
cases, a maximum tensile strength cf 30 tons, and 
an ordinary or average strength of 23 tons to the 
square inch, although this sometimes falls as low 
as 19 tons. These figures do not apply to the 
strength of wire which, within certain limits, is 
greater in proportion as the sectional area is less. 

Steel may be said to have a tensile strength 
varying {from 33 to 53 tons per square inch of 
section. 

A form of cast iron, known by the name of mal- 

r telegraph work. It is prepared by exposir 
castings, immersed in oxide of iron, pos Po = 
stances rich in oxygen, to a high temperature, and 
allowing them to cool gradually. The oxygen 
combines with a portion of the carbon, and the 
withdrawal of the latter imparts a remarkable 
degree of toughness to the material so treated. 

fron poles. These have not to any great extent 
been used in England. The principal objection to 
their extended introduction, is the heavy ost of 
that material as compared with wood. At first 
sight it might appear that their incroased durability 
would counterbalance this, but except in localities 
where ornament is an object, it is not so, Creosoted 
timber is so durable, that it is quite possible that 
it may equal the duration of wrought iron, and 
even | + ~ it do not, the difference in cost is so 
striking, that the balance of advantages remains in 
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favour of the former for use in this country. Abroad, 
and especially in tropical countries, iron poles are 
very exteusively used, as they present many advan- 
tages over timber. The use of iron admits of the 
material being so disposed, as to obtain the maxi- 
mum streng!h, with the minimum material; the 
poles are likewise generally constructed in sections, 
so that by these means great facility of transport 
is attainable, a point of much cunsideration in 
countries which have not well developed systems of 
roads, and means of transport. Moreover, iron is 
of course proof against that great enemy of timber, 
the white ant, which is so common within the 
tropics. 

n the application of iton to Telegraph poles, the 
main objects to be kept in view should be, the 
obviating of the destructive effects of oxidation, 
and the distribution of the materials in such a form 
as will combine strength, lightness, and elasticity. 

These two objects are generally attained by con- 
structing poles of a combination of wrought and 
cast iron, the latter being used for that portion 
which is fixed in the ground, and which rises some 
height above it, and the former being employed for 
the upper portion of the pole. The advantage of 
cast irom for the base piece, consists in its durability, 
it not being subject to oxidation under the influences 
which generally affect Telegraph poles, and also, 
bevause an ornamertal character is, where neces- 
sary, readily and cheaply imparted to it. Wrought 
iron is used for the upper ions on account of 
its greater strength, and its superior elasticity, 
whereby it is better able to resist the sudden strains 
and jerks to which it is subjected during rough 
gales. The various sections of which an iron pole 
is constructed, may either be held together by 
friction. tapered joints being provided, or they may 
be fitted with sockets and secured by lead or other 
suitable cement. 

Iron has, however, been applied in many ways 
to the construction of telegraph poles; sheet iron 
wrought into various forms, rolled tapered tubes, 
bars, ribbons, angle iron, and cast iron cylinders, 
being variously combined. As an example of each 
class, we will describe briefly a few of the best 
known. 

Hamilton Standards are examples of poles con- 
structed principally of sheetiron. They are formed 
of plates varying from a } to of an inch in thick- 
ness, bent into a circular form and rivetted, so as 
to furnish tapered cylinders about eight feet long. 
The sections for each post vary slightly in mean 
diameter, so that when fitted one over the other, 
poles of a uniform taper, varying from 16 to 40 
feet lung may be constructed. 

The base consists of a cast iron taper cylinder, 
over which the lower section fits, and it is provided 
at the bottom, either with two cross pieces of angle 
iron, or with a base plate, which adds to the ground- 
hold of the pole. The poles are, for convenience of 
handling and transport, shipped in sections, and 
fitted together in situ. 

These poles are now generally galvanized, as if 
this be not done it is found that they oxidise very 
rapidly. It is stated that in some cases, when ex- 
posed to the action of salt water and not galvanised, 

les of a similar character have been destroyed in 

ur years. 

Siemen’s Iron Poles, which have been very exten- 
sively used, consist of a wrought iron cylindrical 


base piece, at the bottom of which is bolted one of 
Mallett’s buckled plates. These plates consist of 
sheets of rolled iron, about three feet in diameter, 
to which great stiffness is imparted by their being 
dished, or bent into a dish-like curve. The vanes 
portion of the pole consists of a continuous rolled 
taper tube, which fits inte a socket in the upper 
portion of the cast iron base piece, into which it is 
cemented by means of a mixture of sulphur and 
oxide of iron, 

Cast iron cylindrical tubes, strengthened by 
collars or bands of wrought iron, and fitting -telo- 
scopically, have been employed as well as wrought 
iron, either in a taper form or beng | by grada- 
tions, and attached to a cast iron cylinder fitted 
into the ground. 

Some poles have been constructed of a species of 
lattice work, somewhat similar to those frequently 
used for signalling purposes on railways. These, 
however, are too costly for general use. A modi- 
fication of this, termed a riband pole, has been 
mauufactured. It is of cylindrical form, constructed 
with thin bars or ribauds of iron, crossing one 
another at regular angles, rivetted together, and 
strengthened with an fe irons. The facility with 
which these poles could be climbed would perhaps 
use advisable. Little or no practical experience 
has been obtained of their value. 

For light work, we have extemporised iron poles 
from a few lengths of different size cast and 
wrought iron gas pipes, fitted telescopically. These, 
with the aid of ornamental cast collars, have 
accasionally served the required purposes iu emer- 
gencies. 

Iron is largely used for overhouse work, and with 
advantage. For this purpose, rolled taper tubes, 
either whole or fitting telescopically, are the most 
advantageous. They fit at the base into a semi- 

lindrical iron casting, which can be adapted, 
either for use in a roof gutter, or fixed on a ridge. 
The work looks light, is durable, and requires less 
attention than wooden supports. 

The proportions which should be given to iron 
poles, either of cast or wrought iron, will be con- 
sidered when we deal with the pole as part of a 
complete «tructure. 

As has been previously remarked, iron poles in 
this country are used primarily in localities where 
the ordinary wooden structure being objected to, 
something of an ornamental character is needed. 


Jron Sockets into the ground, and 
adapted for holding wooden poles, have been ex- 
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This involves certain difficulties, for in traversing a 
a town the ordinary facilities for staying do not = 
generally exist, and if an iron pule be made suffi- ee 
ciently large and strong, to withstand of itself the ; ‘ 
strain of tho wires it will have to carry on curves 
and at angles, it becomes as unsightly asa wooden ie 
one. This difficulty is met by reducing the size eps 
and consequent strain of the wires, and then by | 
using two or more sizes of os one, as light and _ 
airy a structure as is suitable for straight lengths, 
the other heavier, for curves and angles. As a s 
rule, two dimensions of poles should serve for any : ‘ 
given work, and uniformity of design, should for = 
each work be preserved, the strength only being Bein 
varied. The stiffness of light poles may be in- 
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perimentally tried, with results, so far as the addi- 
tional durability imparted to the timber is con- 
cerned, of a somewhat varying and disputed 
nature. ‘Taking inio account the cost of the 
sockets, and the additional labour in fitting the 
joints, it appears that their extended use cannot 
Te considered economical in this country. Tuey 
were likewise tried in India some years ago, but 
the iron socket was gradually ienalent and the 
timber pole shortened, until the latter was wholly 
abandoned and the socket grew into a complete 
iron post. 


RESISTANCES AND THEIR MEASURE- 


MENT. 
By H. R. KEMPE. 
(Continued from page 158.) 


XIX.—Joint Testing. 
Joints are the weak points in a cable, and it is 
therefore essential that they should bo not only 
carefully made but carefully tested. 

A joint being a very short length of the core 
offers, or should offer, a very high resistance, it 
would therefore be impossible to test it by a 
direct deflection method, that is, a method similar 
to that by which the insulation resistance of a cable 
is taken. Even with a very powerful battery the 
galvanometer deflection, provided the joint be good, 
would be almost inappreciable, consequently ano- 
ther plan must be adopted. The one most generally 
employed is that known as Clark’s accumulation 
method. 

A gutta-percha or ebonite trough is provided, 
which is suspended by long rods of gutta-percha 
or ebonite from any convenient hook. 

The good insulation of the trough is of great im- 
portance, and consequently the suspending rods 
should be as dry and clean as possible. It is usual 
to give them a rub with a piece of parraffined rag, 
which prevents the formation of a conducting film 
of moisture on their surfaces. We may here re- 
mark that surface leakage is almost the only thing 
to be feared in electrical apparatus, and this should 
always be seen to by keeping all surfaces, over 
which leakage is likely to occur, clean and bright. 
The peculiar formation of ebonite causes minute 
quantities of sulphuric acid to form on its surface, 
which, however, may be removed by washing with 
clean water. It is as well to do this before rubbing 
with the parraffined cloth. 

The trough is filled with water in which the joint 
to be tested is immersed, and held down by two 
hooks placed at the bottom. , 

The portion of the core on either side of the joint 
. should be carefully dried, for the same reason that 
- the suspending rods were so treated. 

A metal plate is placed in the water in the 
trough, and connected to the front terminal of the 
discharge key. A battery of about 200 cells has 
the zinc pole connected to one end of the conductor 
of the core, the other end of which is insulated. 

The other pole of the battery is connected to one 
terminal of a condenser, the other connections being 
the same as those for taking the measurement of 
a condenser discharge. 

The whole arrangement is, in fact, the same as 
this latter, with the exception that the pole of the 
battery which would be directly attached to the 


front stop of the discharge key is in this test con- 
nected to it through the medium of the joint. 

In order to ascertain whether the insulation of 
the srrangement is good, before commencing to 
test, place the battery wire which would be con- 
nected to the core, in the trough. Charge and 
discharge the condenser and note the deflection 
obtained. Again, charge the condenser and before 
discharging it remove the battery wire from the 
trough, aud then after one minute take the dis- 
charge; this should be the same, or very nearly 
the same, as that obtained at first. If not, the 
insulation is defective. 

The insulation being obtained satisfactory, place 
the joint on the trough and connect the battery 
to it. 

The discharge key being pressed down, the 
battery charges the condenser through the joint. 

After « certain time, usually ore minute, the 
discharge deflection is noted. _ 

- A similar measurement is also made, using about 
6 feet of perfect core, in the place of the joint. 

If the discharge deflection after the same interval 
of time, in this case, is not less than that obtained 
from the joint, the joint is considered defective and 
is re-made. 


A thoroughly perfect joint it is evident should” 


test at least as well as an equal length of perfect 
core, and the fact that so long a length as six feet 
of core is taken as a comparison, shows that the 
present system of jointing is far from perfect. 
When only one cbservation each is taken with 
the joint and the core the results obtained are only 
roughly comparative ones, and do not represent 
accurately the comparative resistances of the two, 


for if both discharge deflections were taken after 


larger equal intervals of time. it would be found 
thav the ratio of the two results obtained at first 
would not agree with the ratio obtained when the 
results were taken after longer or shorter equal 
intervals of time. By taking, however, a second 
reading with each after longer or shorter intervals 
true comparative results may be obtained. 
Thus the resistances of the two can be worked 
out from the formula— 
R= 
C log., 
which formula we must point out, is as true for the 
case in which a condenser is charged through a 
resistance as for the case in which it disc 
itself through a resistance, the T in the former 
case being the difference between the times after 
which the observations are taken. Thus, if the 
first observation were made after 20 secs., and the 
second after 30 secs., T would be 30 — 20=10 secs. 
If we simply require the comparative resist- 
ances, then we haye 
C 
v, 


Clog.. V2 


therefore 
log.« 


Us 
V, and vy, being the potentials observed at the be- 
ginning and end of the difference of time T, with 
say the joints, and V, and v, the potentials observed 
also at the beginning and end of the difference of 
time T with the length of core. 


log.e v 
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pole of the battery, 

When a joint is made in a cable core at sea 
neither end can be got at. The resistance, however, 
could be measured by arranging with the shore, 
before the joint is made, that at a certain time the 
end of the cable shall be put t> earth. The rate at 
which the charged condenser would discharge itself 
through the joint could then be observed, and the 
resistance calculated from the regular formula. 

To enable the tests for fall of charge to be made 
readily when the condenser and resistance are not 
in one, as in a cable, the conuections may be made 
as shown by fig. 29. 


& 


is 


Fic. 29. 


The plug switch § has one of its plugs placed in 
the left hand hole permanently. Another plug is 
placed in the bottom hole, and the key being 
pressed down so as to charge the condenser, the 
‘* discharge ” trigger is pressed, and the condenser 
commences to discharge itself through the resist- 
ance R. After a noted time the key is in 


pressed, but only far enough to hitch it on to the 
r. . 


“insulate” tri 

The plug is then removed from the bottom to the 
top hole in the switch, and the ‘‘ discharge” 
trigger being pressed the discharge deflection (v) is 
obtained on the galvanometer. 

When testing a joint on board ship the terminal 
of the switch, which is joined to one end of the re- 
sistance in the Fig., would be attached to the metal 
plate in the — trough, and the wire attached 
py other end of the resistance would be put to 


GRAMME’S MAGNETO-ELECTRIC 
MACHINES. ~ 
By ALFRED NIAUDET-BREGUET. 
(Concluded from page 200.) 
LIGHTING MACHINES. 
THE first} machine of this description weighed 1,000 
kilogrammes, and gave a light equal to 900 burners. 


| 1:25 metre high. This apparatus, for a long time 

| used in experiments on Westminster Tower, grow 

| warm when in action, and remitted sparks between 

' the metallic brushes and the bundle of conductors 

| upon which the current accumulates. However, 

| for two years, it gave rise to no serious incon- 
venience. 
Monsr. Gramme endeavoured to eliminate the 
sparks and the heating of the machine; and, as 
e intensity of the light demanded by various 
governments did not exceed 250 burners, he was 
impressed to reduco the dimensions of his first 
machine, as shown by Figure 6. The instrument 
still had 6 electro-magnets, but, instead of being 
grouped in straight lines, they form triangles: 
the total current from both rings may be sent into 
the magnets, or one only, or lastly, the whole of it 
may be made to pro/uce two separate lights. Its 
statistics are :— 
Weight .. .. 
Height 
Width 
Oopper on electro - 
minagnets.. 

two rings 
Normallight .. .. 400 burners 
Light from great speed 1000 
Sparks and heating. . 

The latest type is shown by Figure 8, and em- 
bodies vast improvements on all previous machines 
of this class. 

Its form is of the same character as that of the 
electroplating apparatus: its weight is 183 kilo- 

mmes ; requires but 47 kilogrammes of copper 
or the ring, and the same quantity for the electro- 
magnets. Length, 55 centimetres; width, 55 cen- 
timetres, and height 60 centimetres. Normal 
ted about 200 burners, but it will reach much 
er. 

he following are the mean results of six series 

of experiments :— 


700 kilogrammes. 
90 centimetres. 
65 ” 

180 kilogrammes. 
40 


” 


No heat nor sparks. 
” 
” 


” 
” 


” ” 
Slight heat, no sparks, 
Heat and sparks. 


Among the improvements introduced into this 
machine may be mentioned the construction of the 
central ring, according to the ‘‘double” principle 
already referred to; an a ment whereby the 
sparks disappear. By suitable means it can be 
joined up for ‘‘ intensity” or “‘ quantity,” or it may 
be used to produce two distinct lights instead of 
one only. This capacity for one machine to pro- 
duce two lights is of practical benefit for the reason 


: The system of charging the condenser through | It had3 rings and 6 electro-magnets. One of the rings q 
the joint cannot of course be made unless one | excited the electro-magnet, whilst the other two f 
end of the core is at hand to which to attach one | supplied the lighting current. The copper twined — 
| round the electro-magnets weighed 250 kilo- F 
: pecan that round the 3 rings 75 kilogrammes. dl 
its measurement was 80 centimetres in width; q 
; 
| 
| 
| 
/ 
| 
| | 
/ \ | / | 
q 
G we | | | | 
| | 
\ \ RS 
Number| Number 
of of Remarks. ie 
Turns. |Burners. 
650 77 | 
800 150 | 
900 200 | ; 
935 250 | 
1025 | 200 | in 
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that, when one light only is used, its enormous 

ing power casts many objects into deep sha- 
dows. By dividing the position of say two sepa- 
rate lights this objection disappears. M. Gramme 
constructed machines of from 50 to 100 burners— 
so arranged that clusters of burners may be vari- 
ously placed. For some time his own study has 
been lit up bya single lamp, placed sufficiently 
high to prevent the eyes catching sight of it, ex- 
ceptingdesignedly. Thelight is locatedinadiffusing 


striking and distinctive sign. In addition, we 
merely hint that the uses to which Gramme’s 
machines might be put toas signal lights on board 
ships, are very easily suggested to the thinking 
reader. 
Various InpusTrIAL UsEs. 

Small machines have already found their way 
into several industries, such as electroplating. In 
numerous factories, likewise, where Bunsen’s, 


| Groye’s, or bichromate of potash batteries are used, 


globe in such a manner that it is not a shining it would be advantageous to employ Gramme's 
point, but a large white brilliant globe—hence the , machines. Some instances in which they might 
strength of the shadows are much lessened. | be specially used as exciters of magnetism are :-— 

We will say very little regarding the electric 1. Electro-sorters, or apparatus for the separation 
light for light-houses. Eleven years experience | of iron or the oxides of magnetic iron from certain 
in the Héve lighthouse without one night’s inter- | mixtures. 2.For miners’ lamps which are (in 
ruption pet admits of a doubt, but that the | some places in France) unable to be opened except 
large lighthouses will, before long, be all provided by a very powerful electro-magnet. These lamps 
with Gramme’s machines. The capability of pro- | are very simply constructed. They are closed with 
ducing two lights may be of eervice even in light- a bolt, which can only be withdrawn by a special 
houses by placing one above the other—a yery electro-magnet in charge of the lamp-keeper: no 
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knife, nor other power on the miner’s part, ‘can hand free to handlethe lamps. 3. In combination 
withdraw it. Formerly these lamps were closed with a Planté secondary pile, whenever an inter- 
or opened by an electro-magnet excited by meavs mittent current is wanted at regular or irregular 


Fia. 5 and Fie. 8. 


of a bichromate of potash battery; but so much | intorvals. For example, on board of a ship, or on 
trouble was experienced from it, that Gramme's | the top of a lighthouse, brilliant lights at periods 
machine has been substituted for it. The machine | of five seconds in every minute may be required. 
being worked by a treadle, leayes the operator’s| These may be obtained from a Caster of 20 


” 
q 
225 
re 
‘d 
'y 
7 4 
: j = i=. 
. 
4 
: 
== 
— = 


the case of certain tumours. M. Moret, of Paris, 
has declared, after trial of a small Gramme, that 
it unites in itself all the conditions desired in 
therapeutics; and he has expressed his belief that 
it is the universal electrical medical machine of the 
future. Figures 4 and 8 are engravings of two 
such instruments suited to medical requirements. 


TRANSMISSION OF ForcE A DISTANCE. 


Since the current produced from one instrument 
will perform work in another, it is evident that the 
transport of mechanical force to a distance may be 
accomplished ; for whatever action one machine 
assumes, the other, no matter the distance (provided 
the current is of sufficient strength), is similarly 
controlled. This idea might be of great utility to 
engineers, who could make use of the motive power 
of waterfalls so abundant among mountains, and 
other natural forces, to work the curreut-producing 
machine. 

The Seine, in point of illustration, is canalized 
throughout its whole course; a series of weirs 
putting it absolutely in the hands of engineers, 
who regulate it at pleasure. At each of these 
weirs a difference of level more or less great exists, 
and consequently we have the possibility of estab- 
lishing regular falls and turbines to utilise them. 
Now, to remove manufacture around these various 
weirs is not possible; but it is easy to transport 
their forces, by means of magneto-electric appa- 
ratus, into the neighbouring towns. Some of these 
weirs possess great power which is entirély lost ; 
thus at iegeaitgy, — the force daily lost is 
3,000 horse-power. It is close to the town, and 
could be easily saved to the community. 

At the risk of being considered chimerical and 
dreamers, we maintain that, although unforseen 
difficulties may present themselves, this new me- 
chanical combination will probably introduce an 
industrial and economical revolution throughout 
commerce, in places where natural forces are 
available at moderate distances from centres where 
power is required. 


Fiotes, 


TuxE following method is used in Germany for the 
preservation of wood :—Mix forty parts chalk, fifty 
resin, four linseed oil, melting them together in an 
iron pot; then add one part of sulphuric acid, and 
apply with a brush. This yarnish, when dry, is as 
hard as stone. 


The Isle of Man cable was successfully laid on 
the 19th instant between the old landing place at 
St. Bees, near Whitehaven, and near Ramsay in the 
Isle of Man. Communication was re-established 
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Notice has been received by the Indiarubber, 
Gutta Percha, and Telegraph Works Company that 
the section of cable between Iquique and Caldera 
has been successfully completed. This brings Peru 
and Chili into telegraphic communication with 
Europe. The sections laid are from Callao to Arica, 
Arica to Iquique, and now Iquique to Caldera, thus 
completing the Peru-Chili connection. 


The manufacture of the New Zealand Cable is 
steadily progressing, and arrangoments are being 
made for its shipment: the ‘* Hibernia” and ‘* Edin- 
burgh” will be empleyed on this work. The first 
vessel will be despatched early in the present 
month, whilst the second will follow early in 
November. Tho total length of cable being manu. 
factured is 1,370 knots. The core consists of 
107 ]bs. copper, and 140lbs. gutta-percha of 
Willoughby Smith’s improved manufacture. There 
are four types of cable—10 miles of shore-end, 59 
miles of intermediate, 300 miles of deep sea of the 
Mediterranean type—a solid covering of No, 13 
galvanized homogeneous iron wire, protected with 
yarn and compound—and 1,000 miles of special 
deep sea cable ; this type consisting of 9 strands of 
hemp, alternating with 9 No. 13 galvanized homo- 
geneous iron wires, the whole being well protected 
with compound. 


Immediately after the announcement of the 
Direct United States Cable Company, the Anglo- 
American Company announced a reduction of rates 
from 2s. per word to 1s., from the 15th September, 
allowing, as initiated by the Direct Company, the 
name of office of origin to go ‘‘free.”” The Direct 
immediately followed suit, and reduced their tariff 
to 1s, per word, and at the present time this 
arrangement is in force; shares, however, went up 
on the report that the Directors were endeavouring 
to arrive at mutually satisfactory working terms. 
The receipts of the Direct have not yet been pub- 
lished, but the Anglo-American have announced 
the following :—Sept. 15 £1,020 
(This would include some at 2s. rate) 


890 
790 
» 18 780 


690 


This is sufficient to show at once that the reduced 
rate has more than doubled their traffic. 


At a meeting of the Board of the Anglo-Ameri- 
can Telegraph Company, held lately, it was resolved 
to pay an interim dividend of £1 per cent., free of 
income tax, for the quarter ending the 30th of 
September, payable on Ist of November, leaving 
an estimated cash balance of £18,C00, in addition 


on the 20th inst., after many months’ interruption, 


to £25,0C0 placed to reserve. The register of 


a © te of 


| secondary couples to be recharged during the.com- | 
plementary 55 seconds. A brilliant light of 4 2 
seconds duration per minute may be produced 
equal in intensity to the constant light obtained 

from a machine twelve times larger. 4. Amongst 

its advantageous uses in medicine may be cited, 

the cauterising, by means of a red hot platinum | 

wire; and the cheinical - of tissues in | 
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transfers of the company will be closed from the 
27th September to the 2nd October, both inclusive. 


The West India and Panama Telegraph Com- 
pany (Limited) give notice of the interruption of 
the Santiago de Cuba—Jamaica and Punta Rassa— 
Key West Cables, thus cutting off direct tele- 
graphic communication with the West Indies via 
North America. By the recent opening of the 
Para - Demerara Cable, however, direct com- 
munication by wire is established via Lisbon 
and Pernambuco with Para, Uayenne, Demerara, 
the Isthmus of Panama, and all the West India 
Islands except Cuba. The tariff by the now route 
may be obtained at 74, Old Broad Streot, and at 
all postal telegraph stations. 


The Indo-European Telegraph Company 
(Limited) notify that the Singapore-Batavia Cable 
is restored, and that messages for Jaya and 
Australia are accepted as usual vid Teheran. 


The Eastern Telegraph Company (Limited) also 
announce that the.» communication being now 
restored, messages can be sent as usual if directed 
via Suez.” 


Referring to the notice of interruption of tele- 
graphic communication with the West Indies, the 
Cuba Submarine Telegraph Company (Limited) 
announce that messages for Cuba continue to be 
forwarded for their destination vid United States. 
In consequence of the interruption of the Punta 
Rassa—Key West Cable of the International Ocean 
Telegraph Company—these messages will, how- 
ever, be subject to a short delay. 


The report of the Direct Spanish Telegraph 
Company (Limited) states as follows: — ‘The 
balance at the credit of profit and loss is sufficient 
to pay, after providing for the 10 per cent. prefer- 
ence dividend, a dividend at the rate of 5 per cent. 
per annum on the ordinary shares, leaving a 
balance of £429; but inasmuch as the half-year 
ending 3Uth June was commenced with a reserve 
fund of £704 (since absorbed in the repairs of the 
Santander Cable), the directors deem it prudent to 
recommend a dividend of 4 per cent. per annum on 
the ordinary shares, and to replace this sum of 
£704, together with a further sum of £307 to the 
credit of the reserve fund, so as to begin the 
current half-year with a total of £1,011. 


The delay which has recently taken place in 
telegraph messages from Australia and Java is 
owing to the Eastern Extension Company’s cable 
between Singapore and Batavia having been under 
repair. The communication which was iuterrupted 
is now restored, and messages can be sent as usual 


if directed via Suez. 


PNEUMATIC TELEGRAPHS FOR LONG 
DISTANCES. 
Paper read at the meeting of the Society of Civil 
Engineers of Paris, on the 4th June, 1875. 
By M. A, CRESPIN. 
(Concluded from page 204.) 


[ now proceed to the consideration of the speed 
with which the boxes will travel in a pneumatic 
line of unlimited length, in which, by the methods 
described above, the vacuum will be kept at 0-5 
metres of mercury, and the pressure, admitted by 
the relays at intervals of 1,000 metres, equal to 
(76 metres of mercury; the tube to be dne-tenth 
of a metre in diameter. 

My point of comparison will be the speed in the 
tubes of the Paris system, where a pressure of 
0°4 metres of mercury gives a speed of 20 metres 
per second, in a line 1,000 metres long, and 0°066 
metres in diameter. 

The increase of diameter will increase the speed 


in the proportion 
“100 10 
65 8 


say 25 metres per second. 

The fact that the line if kept exhausted of air 
will reduce the friction in each length of 1,000 
metres to an ayerage equal to that of 600 metres 
at most, for at the beginning of each section, that 
is to say, at the moment when the train passes the 
pressure relay, there is no column of air travelling 
with it; at the termination of the section only, 
will the column of air which drives the train have 
a length of 1,000 metres. If the vacuum were 
perfect, the average friction length of the column 
of air would be but 500 metres. The diminution 
in the frictional length of the column of air gives 
an increase of speed in the proportion 


1000 33 


The speed, raised to 25 by the increase of dia- 
meter, now becomes 
33 
25 x — = 36 metres. 
24 


We have then the increase of the difference of 
pressures, which is also in the ratio of the roots 
26 + 50 115 


The application of this last ratio indicates a 
speed of nearly 70 metres per second. 

This is an enormous speed, and would in all pro- 
bability be attended with some inconveniences, but 
it is evident that we should work with the highest 
speed possible. 

Now, observations made with trains running 
under similar circumstances at speeds of 40 to 50 
metres, have shown that these practical speeds are 
quite admissible in regular working. It is only 
necessary to employ a yery strong material, ar- 
ranged in such a way that it alone shall wear 
without wearing the line; this end is attained by 
fitting the rubbing parts of the boxes with a softer 
metal than that composing the line. 
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The two ends of the line are provided with ap- 
paratus suitable for sending and receiving, in 
which precautions are taken to secure a conside- 
rable slackening in the speed of the train when 
— g its destination. 

his effect is obtained by causing the air ix front 
of the train to be compressed in the last hundred 
metres leading to the receiving apparatus; this 
compressed air is allowed to escape slowly in such 
a way that the train rises slowly into the a~pa- 
ratus. 

Pneumatic lines with relays would certainly be 
a valuable means of communication for correspon- 
dence between distant places. The facility with 
whick trains can be multiplied upon these lines 
without considerable expense, the speed which they 
can attain, and even the small net cost of the 
system, if too large a diameter be not employed, 
would make it one of the greatest utility to the 
Postal service. 

The speed of transmission is three times that of 
the fastest railway train, if the stoppage of the 
latter are taken into account, and the establishment 
of the system upon lines where several days are 
required for exchange of letters, would evidently 
be of immense service. 

A line of this kind has been proposed for esta- 
blishing rapid communication between the As- 
sembly at Versailles and the Ministerial offices in 
Paris; its execution would be a first step in this 

th, which is little known and which has been 

t little explored, 


GATHERINGS FROM THE EDITOR'S 
NOTE ROOK. 


“* Now creatures in the likeness of men vent their 
despicable passions in muvderous assaults upon 
women and children. But science hints at an 
effectual cure. It is — that, before many 
years have passed, electricity, which by some 
mysterious means enables our nerves to call our 
muscles into play, which enables us to converse 
with one unother at distances of thousands of 
miles, which alike plates the teaspoon and illu- 
mines the lighthouse, will be called upon by an 
enlightened legislature to produce absolutely in- 
describable torture (unaccompanied by wound or 
even bruise) thrilling through every fibre of such 
miscreants.”— Unseen Universe. 


Wertheim, from an elaborate series of experi- 
ments, concluded that there is a temporary 
diminution in the co-effiaient of elasticity in wires 
while they are transmitting currents, which is in- 
dependent of the heating effect of the current. 


Dufour found a notable diminution in tenacity 
in a copper wire through which a feeble current 
had passed for several days. In an iron wire the 
tenacity increased under similar circumstances. 


Edlund has shown that wires are elongated when 
transmitting currents. 


Cavendish showed that nitrogen and oxygen in 
air formed a mixture only, but that the passage of 


electric sparks produced their chemical combina- 
tion— nitric acid being the result. 


‘*Common air loses nearly all its resisting power 
at some temperature between that of boiling water 
and red hot iron, and conducts continuously (not, 
1 believe as is generally supposed to be the case, 
by disruption), as glass does at some temperatura 
below the boiling point, with so greut ease as to 
discharge any common insulated conductor almost 
completely in a few seconds.”—(Thomson. ) 


Faraday calculated that the decompositicn of a 
single grain of water required 800,000 discharges 
of his large Leyden battery, 


Buff finds the quantities of electricity associated 
with one milligramme of hydrogen in water to be 
equal to 45,480 charges of a Leyden jar, with a 
height of 480mm. and a diameter 160mm. 


Weber and Kohlrausch have calculated that if 
the positive electricity associated with one milli- 
gramme of hydrogen in water were diffused over a 
cloud, at a height of 1000m above the earth, 
it would exist upcn an equal quantity of negative 
electricity at the earth’s surface an attractive force 
of 2,268,000 kilogrammes. 


Faraday established the fact that gases are but 
the vapours of liquids possessing a very low boil- 
ing point. 


Rankine has drawn attention to the odour of 
metals. ‘Whence this odour ? 


Induced Current.—‘‘ It appeared asif the current, 
on its first rush throngh the peimery wire, sought 
a purchase in the secondary one, and by a kind of 
kick impelled backward through the latter an 
electric wave, which subsided as soon as the primary 
current was fully established.”—( Tyndall.) 


Unpolarized electrodes are obtained by using 
amalgamated zinc and a weak solution of zinc 
sulphate. If there be free sulphuric acid, it should 
be neutralized by carbonate of zinc. Common zinc 
may also thus be used. 


The coarse long hair from the neck of an old 
chamois if drawn between the finger and thumb, 
from the root to the point, becomes positively elec- 
trified, but if drawn in the reverse direction it be- 
comes negatively electrified. 


Glass, especially the hardest and best vitrified, 
is often a very bad insulator, sometimes being quite 
a conductor. Glass vessels made for electrical 
purposes are often rendered very good insulators by 
use and time, though they might be very bad ones 
when new.—(Cavallo). 


A piece of wood cut from a tree is a good con- 
ductor ; let it be heated and dried, it becomes an in- 
sulator ; let it be baked to charcoal, it becomes a 
good conductor again; burn it to ashes, and it be- 

es an insulator once more. 


